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The effect of elevation on fungal community
species richness and composition in
Monteverde, Costa Rica.
Valerie Johnson
Department of Biology, University of Oregon
____________________________________________________________
ABSTRACT
This study investigated the effect of elevation on the species richness of fungal populations on
the Pacific slope of the Tilarán Mountains in Costa Rica. The hypothesis being that changes in
abiotic factors caused by change in elevation would be more or less favorable to growth of
fungal communities. There was a total of 103 morphospecies found in six elevational transects
between 1575m and 1825m. Statistical analysis showed a negative correlation between species
richness and elevation, and that there was a strong trend between species turnover and distance
between transects. Although the negative correlation opposes the hypothesis, an explanation may
be found when considering extreme weather conditions due to a recent temporal.

RESUMEN
En esta investigación se busca los efectos de la elevación en el número de especies de las
poblaciones de hongos en la vertiente Pacífica de las montañas de Tilarán en Costa Rica. La
hipótesis predice que cambios en los factores abióticos causados por cambios en la elevación,
afectará en mayor o menor forma que crecen los hongos. Se encontró un total de 103 especies de
hongos en seis transeptos de elevación, entre los 1575m y 1825m. El análisis estadístico mostró
una correlación negativa entre la cantidad de especies y la elevación. También se encontró una
tendencia entre el recambio de especies y la distancia entre los transeptos. Sin embargo la
correlación negativa se opone a la hipótesis, una explicación puede encontrarse cuando se
considere el efecto del clima, como lo fue el temporal que afecto la zona durante este estudio.

INTRODUCTION
This experiment explored the variation in species diversity in fungal populations found
on an elevational gradient on the Pacific slope of the Tilarán Mountain range. Species
richness and species turnover were examined for each elevational transect and for the
slope as a whole. I hypothesized that as elevation increased, the species richness of the

fungi would also increase and that species turnover would be high in general, due to
changing abiotic conditions along the gradient.
Fungi are very valuable to our environment because many assume the role of
decomposer. Most gain their nutrients by taking them from dead organic matter. Fungi
are one of the few organisms capable of decomposing the cellulose of wood. Thus they
are responsible for breaking down dead material, including dead wood, and returning the
nutrients to the environment (Alexopoulos et al. 1996). Despite their important role in
nutrient cycling, there is little known about fungi, and even less known about tropical
fungal communities.
Fungi are sensitive to numerous abiotic factors in their environment and therefore
exhibit specific requirements regarding those factors. They prefer moist, warm areas, and
many rely on detritus for food. Fungi cannot survive with too much water due to the lack
of oxygen, yet they cannot survive without water because their hyphae are susceptible to
desiccation (Alexopoulos et al. 1996). Different species of fungi vary in their tolerance
for abiotic and physical influences such as substrate type, temperature, light intensity and
water quantity. Therefore, different species are found in different microclimates. These
changes in abiotic factors are often associated with changes in elevation.
Abiotic factors, mainly precipitation and temperature, change quickly with
changes in elevation due to adiabatic cooling. The different temperatures and
precipitation levels create different forest life zones that are identified by their vegetative
differences (Haber 1996). The Monteverde cloud forest exhibits these life zones. The
trade winds build up on the Atlantic slope of the Tilarán Mountain range, and as the
clouds billow over the ridge, the top most elevations are engulfed in mist and receive the
most moisture. As elevation drops, the forest has less exposure to the clouds that are
continuing on their westward journey and it receives less moisture (Lawton and Dryer
1980).
A study by Ciocca (2000) conducted in the dry season showed a positive
correlation between fungal species richness and elevation as well as changes in species
composition along an elevational gradient, on the Pacific slope of the Continental Divide.
It was hypothesized that similar results would occur for fungal communities during the
wet season. It was, however, anticipated that these results would be less obvious during
the wet season than they were in the dry season due to more similar rainfall amounts on
all elevations.
As is the story with fungi in general (Wilson 1988), the fungi in Monteverde,
Costa Rica are not well studied, but efforts are underway to photograph and catalog them.
This study, by means of identifying morphospecies, will help with that effort.

METHODS AND MATERIALS
The study site is the cloud forest behind the Estación Biológica de Monteverde,
Puntarenas, Costa Rica. Procedures included sampling six elevations on the Pacific slope
of the Tilarán Mountains in the Continental Divide.

The six elevations were sampled between 1575m and 1825m. Sampling occurred
at elevational intervals of fifty meters. Each transect consisted of sampling 25 pieces of
dead wood and a 30 x 1m plot of detritus. A total number of 125 pieces of dead wood and
180 m² of detritus were sampled. Dead matter was separated into five categories: snag
(diameter: > 10 cm), fallen branch (diameter: 0-15cm, length: < 0.5m), small snag
(diameter: > 10cm), fallen branch (diameter: 0-15cm, length: < 0.5m), small fallen log
(diameter: 15-55cm, length: 0.5m -1.5m), medium fallen log (diameter: > 75cm, length :>
4.5m). Measurements were made with a standard tape measure. Five samples of each
category were surveyed at each elevation. An effort was made to sample a similar
number of each type of dead wood at the same tree fall, or dead woodpile. This was to
avoid sampling all pieces of only one type of dead wood from the same area at the same
time.
The search pattern used for finding the fungi to be identified consisted of
macrofungi fruiting bodies, fresh and dehisced, with a diameter greater than 0.3cm. Each
morphospecies observed was described, and photographed using a digital camera.
Primary description and further identification of the fungi encountered was done using a
guide to Costa Rican mushrooms (Macrohongos de Costa Rica Mushrooms, Mata 1999).
Morphospecies were assigned based on the following characteristics: first by fruiting
body (type, size, shaped and color), then cap fungi were further classified by cap (shape,
color and size), margin (type), lamellae (spacing and color), stipe (presence or absence
of, and shape) and form (solitary or colonial).
Quantitative calculations done on the data gathered included: gamma diversity (y),
(regional diversity, which is the of species in the entire study site), alpha diversity (a),
local diversity, which is the diversity at each elevation divided by the number of
elevations being analyzed), and species compositions of each elevation were compared to
find species turnover rates (ß), (how much change there is in species composition
between sites). Correlations were run on species richness versus elevation and on species
turnover versus distance between sites.

RESULTS
A total of 103 morphospecies were identified within the six altitudinal transects. These
were dominated by basidiomycetes, but there were some ascomycetes as well. The
average number of species found in each transect (ɑ) was 18.83 (Table 1). The species
turnover (ß) for each possible pair of transects was calculated and found to range between
0.85 and 1.00 (Table 2), with an overlap of only up to four species between transects
(Appendix A).
As elevation increased, species richness declined (Figure 1). This relationship had
a statistically significant negative correlation (Spearman Rank, Rho = -0.943, P = 0.035).
The correlation of species turnover versus distance between transects was not significant,
but is showed a positive trend (Spearman Rank, Rho = 0.474, P = 0.076 see Figure 2).

DISCUSSION
I found that contrary to my hypothesis, the number of fungal morphospecies
decreased (rather than increased) at higher elevations. The lowest elevations of 1575m
and 1625m had the highest species richness with 23 and 27 morphospecies found. This is
contrasted to 14 and 9 morphospecies found at 1775 and 1825m (Table 1).
These surprising results may be explained in at least two ways. The first of which
being that, the decline of morphospecies may reflect the year-round harshness of upper
elevations. As wind moves across the country, it has to rise and crawl over the ridge of
the Continental Divide. Thus the ridge is exposed to continuous airflow and moisture that
is carried with that air. The continuous flow of cold wind and mist makes for harsh
conditions that stunt the trees and influence the types of vegetation that grow on the
ridge. These factors also influence types and numbers of species of fungi found there.
Primarily structurally tougher and more protected fungi were found near and along the
ridge.
The second cause of these alternate results may have been extreme conditions in
the weather during the sampling period. The rainy season in Monteverde lasts from May
through mid-November and is followed by the windy-misty season. The rainy season is
accompanied by temporales caused by hurricanes from August to October (Haber 1996).
The two lowest elevational plots were surveyed in late October, toward the end of the
rainy season, which is normally after the temporales. However, a tropical storm off of the
East coast of Nicaragua and Honduras created a late-season temporal. The hurricane drew
moist air from the west, causing the clouds to reverse their direction and move eastward
across Costa Rica. When the clouds became backed up behind the Pacific side of the
Continental Divide they condense and produced precipitation (Haber 1996).
Evidence that support the hypothesis that the temporal effected the fungal
population includes: a change in species richness curve (Figure 1) before and after the
temporal, and an increase in rotting fungus after the temporal began. The two lowest
transects showed a high species richness with an increase in richness as elevation
increased. But the third transect at 1675m, was sampled after the second day of unusual
rainfall, and begins a sharp decline in species richness as elevation increases and time
goes on.
There was also a noticed increase in rotting fruiting bodies. Many fruiting bodies
had lost their structural integrity and form, and had become unidentifiable. Many other
fruiting bodies had become weak and when handled, were easily broken. The increase in
rainfall and wind, and the lower temperature associated with the temporal may have been
a drastic enough change in abiotic factors to make the environment of the Pacific slope
intolerable for the more fragile fungi causing them to lose their fruiting bodies. The lack
of fruiting bodies would have caused the recorded species diversity of the sampled
transects to decrease. The continued loss of species diversity as elevation increased may
have been due to the increased rain and wind intensity as elevation increased.
The analysis of species turnover (ß) suggests that fungal species are restricted to
narrow elevational bands. This is seen in the consistently high values for ß (Table 2).

Also, there was a positive trend for species turnover versus distance between transects
(Figure 2). This trend suggests that the further two sample sites are from each other, the
fewer species they will have in common.
The fungal community richness and composition during the rainy season at
Monteverde tends to differ from that of the dry season. The study done be Ciocca (2000)
sampled mostly dead and live wood, no detritus, so the fungal morphospecies described
in this study differ greatly from those described in her study. Yet there were similar types
of fungi encountered such as the tougher shelf fungi.
The results from this investigation showed many trends, some of which countered
previous hypothesis. A future investigation may be more conclusive if repeated with the
same parameters, but without the extreme weather conditions. Another study may
provide valuable long-term data on the fungal habitants of the Continental Divide. This
may involve a transect being sampled once a month year-round. Furthermore, it would be
beneficial to know the effects of increasing precipitation, or increasing dryness on a
population of fungi.
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